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To develop new functional materials such as magnetic field control of
dielectric property, we have studied the high frequency electric and magnetic properties in
multi-layered nanogranular FeCo-MgF films, consisting of layer stacking of nanometer-sized magnetic
granules dispersed in an MgF insulator matrix. The frequency dependence of relative permittivity is
described by the Debye-Frohlich model, taking relaxation time dispersion into account, which
reflects the microstructure, such as granule size, the inter-spacing between the granules, and
multi-layer structure. Relative permittivity of multi-layered nanogranular films increased with the
number of laminations, which is attributed to the increase in relative permittivity not to depend on

the frequency. The increase of relative permittivity caused by the formation of layered structure
was kept to THz frequency band, which is probably caused by the electric polarization at the
interface between the layers.



@
FeCo-MgF
FesoCouo

@

(3) TMD
TMD

(1)FeCo-MgF

21 at.%

FeCo

10
GHz

(TMR)

Tunneling Magneto- Dielectric:TMD
@

@

MgF 50 1.0Pa Ar 1y
FeCo  MgF
FeCo  MgF

Signal-Ground

S11
®
1 kOe TMD
€ o (1 kOe) € 1
(e w-€ 0)/E o
TMD
FeCo RF (FeCo)
32 at.% FeCo-MgF 100
FeCo—MgF 90 ==FeCo 21 at.%
1 80 ==FeCo 26 at.%
Debye-Frorich 2 70 pedes —=FeCo30at.%
GHz é 60 ==FeCo 32 at.%
£ 5o
[
)
£ 30
FeCo 10
0
1 10 100 1000 10000
Frequency (MHz)
Debye-Frorich « )
A 1 FeCo-MgF
E



B 0<p 1 p-=1 0
1
FeCo MHz GHz
Ae
gw)=¢, +——
( ) " 1+(iwrty )8
TMD
2
TMD
TMD TMD 200 MHz ( 1.0 )
TMD 1/
T Debye-Froérich
FeCo-MgF GHz
Debye-Froérich TMD
(@) T™D
60
FeCo FeCo-
rich 25 at.% FeCo-poor 19 at.% 0
2 40
2 €
g 30
FeCo E 20
&
10
FeCo-rich poor 0
-ri 1 10 100 1000
FeCo-rich Frequency (MHz)
2 FeCo-MgF
Debye-Frérich (Le)
@ ) ®)
(e @) 15
25
2
(3) FeCo-MgF
FeCo-MgF FeCo
3.8 5.7
Maxwe I 1-Garnett ®
(1550 nm) 4.5 6.0
(1) N.Kobayashi, H. Masumoto, S. Takahashi, S. Maekawa: nature comm.,5:4417,

DO1:10.1038/ ncomms5417 (2014).
(2)

(3) H.Uetake, S. Yabukami, et al., J. Magn. Soc. Jpn., 38,

(4) M. Abe, Phys. Rev. B, 53, pp. 7065-7075 (1996).

22, pp.581-584 (1998).

pp-83-86(2014).



Bo Gu MAG-18-77
FeCo-(Al,Y-F) 2018
79-84
DOI
Kenji lkeda, Nobukiyo Kobayashi, Ken-lchi Arai, Shin Yabukami 446
Magnetoelectric effect in nanogranular FeCo-MgF films at GHz frequencies 2018
Journal of Magnetism and Magnetic Materials 80-86
DOI
Kobayashi N. lkeda K. Gu Bo Takahashi S. Masumoto H. Maekawa S. 8
Giant Faraday Rotation in Metal-Fluoride Nanogranular Films 2018
Scientific Reports 4978
DOI
10.1038/s41598-018-23128-5
MAG-17-088
FeCo-MgF 2017
11-16

DOl




Bo Gu

FeCo-(Al,Y-F)

2018

42

2018

FeCo-BaF

31

2019

Co-SiN

31

2019




FeCo-MgF

T™MD

41

2017

FeCo-MgF

2017

41

2017

(Yabukami Shin)

(00302232)

(11301)




(Kobayashi Nobukiyo)

(70205475)

(71301)




